







































































































































































































































































































































































































































































semi-dwarfs as parents and derive their dwarfing characteristics from them.
The other three varieties have used an induced mutation as the source of dwarf-
ing. One of the varieties with an IRRI parent occupied about 60 percent
of the semi-dwarf area in California in 1979. Thus there has been a modest but
clear-cut linkage between varietal developments at the international centers and
in the United States.

Direct Effects: Differing Patterns

Although a semi-dwarf wheat variety was developed, released, and in use in
the United States before such varieties were released in the LDC’s, the use of
semi-dwarfs has moved relatively slowly in the United States (outside of a few
States) and attracted relatively little general attention and study. By compari-
son, the use of these varieties has moved very quickly in some LDC’, and has
been reported by the press to have brought about a “green revolution.” Why
such a difference in treatment of what is essentially the same product?

There are, I think, plausible reasons that have to do with the degree of
development of agricultural technology and the nature of agricultural produc-
tion in the two societies.

ﬁnited States

In the United States, there has been, as we have seen, a long history of
varietal improvement in wheat and rice varieties. Growers have been treated
to a succession of improved varieties, which they have rather quickly adopted.
At the same time, the height of the varieties has gradually decreased. Shorter
height has been needed to reduce lodging and to accommodate increasing levels
of fertilizer use.

WHEAT. Since World War II, a number of rather short wheat varieties have
been developed simply by crossing traditional varieties. Some of these appear
to meet current needs in certain regions of the United States. But in other areas
of the country, such as the Pacific Northwest (which has long had yields well
above the national average), short varieties were developed years ago and the
industry was ready to move on to even shorter—to semi-dwarf—varieties at an
early stage.3 Thus, the first semi-dwarf, Gaines, was developed and quickly
adopted in the Northwest in the early 1960’.

The prowess of Gaines became well known quickly and it was tried in many
other areas of the country where it often was not well adapted to local condi-
tions. Some other semi-dwarfs of the period were perhaps rushed into use, also
without being fully adapted to local requirements. But even local breeding
efforts with semi-dwarfs did not provide at first many startling results. In other
cases, wheat breeders and growers simply did not need, or were slow to accept,
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semi-dwarfs. The result was that after the first surge in semi-dwarf use in the
Pacific Northwest, the ensuing rate of introduction and adoption was relatively
slow through the mid-1960’s.

The pace began to accelerate during the late 1960’s. Still, when the varieties
were introduced, not a great deal was made of their semi-dwarf nature. They
were often simply represented as being shorter than previous varieties, some of
which were already relatively short. Thus, the semi-dwarfs were just another
step in the gradual reduction in height. No great changes were needed in
cultural factors, other than perhaps somewhat closer attention to seeding depth
and to heavier fertilization. Many growers probably did not even realize that
they were planting semi-dwarfs. And certainly when grown in areas with low
rainfall and where no fertilizer was applied, there was nothing special about
their performance. As noted earlier, these areas are substantial. According to
the U.S. Census of Agriculture in 1974, 38 percent of the wheat area was not
fertilized (and much was raised under dryland conditions in the Great Plains),
and only 5.2 percent was irrigated. It was only in the more favored areas where
more fertilizer was applied that an inkling or indication of their yield potential
could readily be realized.

But the realization of these qualities widened in the 1970’s and the semi-
dwarf varieties were much more widely used in breeding programs and were
much more widely planted.

RICE. The situation has differed in some ways for rice, which is completely
fertilized and irrigated. As with wheat, there has been a longstanding emphasis
on breeding shorter varieties, and many have been developed which meet
current yield and fertilization needs.

The greatest initial- push towards semi-dwarf varieties has taken place in
California where yields have long been above the national average and where
the industry has long relied on only a few varieties (compared with the many
" varieties in use in the South Central States). Increased emphasis on new vari-
eties in the late 1960’s, stimulated by the newly enacted, farmer-financed Rice
Research Program,* came at a time when the IRRI semi-dwarf varieties were
receiving considerable attention. It was only natural to consider using them in
an expanded breeding program.

Work on semi-dwarfs has long been under way in the South Central States.
The challenge was to develop one which could do better than the several
existing short-stature varieties. The first semi-dwarf in the United States was in
fact released in Louisiana in 1974 for industrial use; a semi-dwarf long-grain
rice—long-grain rice is emphasized in many sections of this region—is expected
to be released in 1981.

PRODUCTION. The yield increases for the semi-dwarf varieties at the
experimental level in the United States tend to range from 5 to 25 percent for
wheat, with perhaps a rough average of 15 percent, and about 10 percent for
rice. Farm-level increases are not known but would be expected to be lower.
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By comparison, the farm-level yield advantage of hybrid corn when it was
introduced in the United States in the 1930’s was estimated to be about 15
percent above traditional varieties;> that was quite enough to ensure its
adoption.

In the case of both wheat or rice, the semi-dwarfs probably had little influ-
ence on mechanization, employment, and farm structure. U.S. wheat and rice
farms were highly mechanized long before the advent of the semi-dwarf
varieties.0 And it is doubtful that they have led to any detectable changes in
employment or farm structure.

Developing Nations?

In contrast to their impact in the United States, the semi-dwarfs were more
revolutionary in nature in the developing nations. Where adapted, and where
the associated inputs were utilized, significant increases in yields and produc-
tion were realized. These gains drew considerable attention in the public press.

These gains stood out because relatively little had been accomplished in the
past and because the semi-dwarfs arrived at a time of severe need in South Asia
in the mid-1960’s. While a fair amount of research had been done in some
nations, relatively few farmers raised improved varieties. Most relied on tradi-
tional varieties raised under traditional practices.

Suddenly, with a severe drought in the mid-1960’s in South Asia, much
more attention was given to increasing output of these two crops. The first
improved semi-dwarfs from IRRI and CIMMYT were pressed into use, with a
package of improved cultural practices, in the more favored areas. Growers
were provided a distinctly shorter variety with distinctly different cultural
practices.

The yield advantage of the semi-dwarf package in the developing nations
was, and still is, quite substantial. It is very difficult, perhaps impossible, to
obtain meaningful averages, but when I attempted to come up with some
estimates for the early 1970’ a few years ago, farm-level increases of 50 per-
cent for wheat and 25 percent for rice did not seem unreasonable for Asia
(much more of the wheat in South Asia is raised under irrigation than is the
case in the United States).8 These increases, if correct, have undoubtedly
declined as the area planted has expanded. Still, they were very substantial by
developed country standards.

The result of yield increases of such magnitude—though certainly not
obtained by all and exceeded by some—was that much happened fast. Agricul-
ture was partly modernized very quickly. Domestic food supplies were
expanded and production costs per unit of product (though not per unit of
land) were reduced below what they might otherwise have been. These results
clearly benefited consumers, particularly poor consumers, but were of more
variable benefit to producers. As with any technological advance, some farmers
gained and some did not. The differences among producers were not due so
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much to the seeds as to inequities in the distribution of natural resources and
purchased inputs. The effect on employment was strongly influenced by con-
current changes in mechanization. The nature of these and other effects
depended heavily on the existing structure of society.

Since the landmark days of the late 1960’s and early 1970, the whole
process has quieted down somewhat. The semi-dwarfs have continued to be
adopted at a good pace, but the process is now more familiar and more
normalized. Both accomplishments and disruptions are less extreme.

One point that becomes clear in comparison with the United States is that
the number of semi-dwarf varieties available in most developing countries is
quite limited. As noted, for example, 147 semi-dwarf wheat varieties have been
introduced and/or released in the United States. Moreover, these varieties are
still concentrated on only part of the total wheat area. Developing nations have
generally made do with relatively few varieties, which means that much more
tailoring to local conditions remains to be done and that these countries have
limited reserves in case problems develop.

The challenge now is to expand the number of semi-dwarf varieties available
to meet different conditions and to extend the semi-dwarfs into less favored
areas that were bypassed on the first round. Increased tolerance to unfavorable
climatic or cultural conditions will be of major importance. Such activities do
not draw big headlines, but they are a vital step in agricultural development.

Indirect Effects: Multiple Cropping

In addition to their well-known direct effect on yields, semi-dwarfs also may
have a significant indirect effect on overall output per unit of land per year
through their effect on multiple cropping, the growing of more than one crop
in sequence on a given land in a year. Breeders have combined early maturity
with the semi-dwarf characteristic. This allows farmers more time to plant a
second crop. ,

The effect has probably been greatest in the developing nations where
multiple cropping is widely practiced. The semi-dwarf varieties, particularly of
rice, have played a significant role in its expansion. In some cases, such as
Bangladesh, rice is followed in the winter by semi-dwarf wheat. Rice-based
cropping systems, as well as a continuous year-round rice production model,
are undergoing intensive study at IRRI.

Because of climatic restraints, multiple cropping is not commonly practiced
in the United States, so that earlier maturity is less important for this pur-
pose.10 Yet there is some multiple cropping of wheat and rice, and earlier
maturity plays a role. Double cropping of wheat is primarily carried out in the
Southeastern and Southern Corn Belt, where earlier maturity has facilitated
the planting of soybeans following wheat. Rotations involving wheat followed
by grain sorghums have long been practiced in the South.11 In the case of rice,
there is considerable second crop production in Texas involving the regenera-
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tion of ratoons or tillers from the base of crown of the plant after harvest. The
practice was encouraged with the release of very early maturing, moderately
short-stature (but not semi-dwarf) varieties, such as Belle Patna and Bluebelle,
in the 1960%.12 Rice, however, is often grown on land which is not well
suited to many other crops, which may limit multiple cropping prospects to
some degree.

There may well be other indirect effects of the semi-dwarfs which should be
explored.

Facilitating Varietal Improvement

We have seen that wheat and rice improvement is necessarily an: inter-
national business. This is particularly true of the efforts to develop semi-
dwarf varieties of wheat and rice. The original sources of the dwarfing genes
in common use came from Asia. And a large area of semi-dwarf varieties is
planted in the less developed nations and probably in other developed nations.
(Some references to semi-dwarfs in other developed nations are provided in
Appendix A.) It is only sensible that the United States utilize as much of
the foreign work and experience as seems helpful.

While some use has been made of foreign semi-dwarfs in the past, it might
seem that the amount of “borrowing™ has been less than it could have been.
Why? Some of the reasons have been alluded to earlier. In part they may be
due to technical factors—problems in using the foreign materials due to lack of
adaptability of the plant, poor grain quality, etc. In some cases, breeding work
has emphasized the development of short-stature varieties which have, or
closely approximate, many of the qualities of the semi-dwarfs. And there
probably have been differences of opinion among scientists about the value of
semi-dwarfism compared with other desired plant qualities, with the result that
semi-dwarfism may have sometimes received relatively low priority.

An example of several of these factors is provided for wheat by Borlaug of
CIMMYT:

Nearly everyone in the spring wheat region of the United States
was skeptical of semi-dwarfs prior to the mid-1960’s. The late Don
Fletcher, of the Crop Quality Council, took back with him from
our Cd. Obregon nursery in 1956, selected heads of the best Fy
generations of Mexican wheats x Norin 10 semi-dwarf wheats. He
distributed seed of these crosses to scientists at the University of
Minnesota, North Dakota State University, the University of Mani-
toba, and the Canadian Department of Agriculture. I doubt that
anyone at these locations looked at any of these materials criti-
cally.13

One Minnesota-based scientist responds that the varieties were examined, but
that they did not prove to be adapted.
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There are also some other factors. In the case of rice, for instance, Coffman
of IRRI, who recently spent a sabbatical year in the United States, notes:

I can not say whether the U.S. breeders have made adequate use of
these foreign materials but I would certainly say that they have not
had adequate exposure to them. It is very difficult for them to
obtain permission to travel to Asia so we have not had much con-
tact. Also, the U.S. quarantine regulations are very strict so it is not
very convenient to exchange germplasm . . . I would strongly sug-
gest more liberal travel for your rice breeders and a more efficient,
well-funded quarantine system for rice.

In spite of the difficulties there has been some progress. The U.S.
breeders arranged to bring in the named IRRI varieties . . . a few
breeding lines, and more recently, they have arranged to receive
several of the nurseries of the International Rice Testing Program
on a regular basis. Thus, they are receiving a good cross-section of
international material .14

The full utilization of the IRRI materials, however, involves making many
crosses with domestic varieties. Most U.S. rice breeding operations consist of
only one or two breeders with very limited help. This severely limits the
number of crosses they can make in a year and tends to confine them to the
best adapted materials. One exception to this staffing pattern occurred in
California during the 1970’s when the number of breeders was expanded with
grower financial support. It is perhaps not accidental that this State has
recently made significant progress in the development of semi-dwarf varieties.

What can be done to enhance U.S. access to, and utilization of, international
technology developed at the international centers and in other national pro-
grams? Increased personal contact is probably part of the answer. But in some
ways the matter is easier for wheat, hecause CIMMYT is relatively close and
there are no plant quarantine restrictions on nursery stock from CIMMYT. On
the other hand, there are many U.S. breeders involved with wheat. Problems
are more severe for rice because of the great distance to IRRI and the plant
quarantine restrictions. On the other hand, rice breeding is done by relatively
few groups in the United States. On balance, it should be possible to devise a
way to assist U.S. breeders to keep up to date more fully on research at inter-
national centers and in some of the leading national programs overseas. A little
additional effort in this direction could have a high payoff.

Additional effort is also needed on several domestic fronts if varietal
improvement is to be facilitated. As noted earlier, wheat variety information is
available for the United States only once every 5 years. This may have been an
adequate frequency in 1919 when the series started and when varieties were
fairly stable, but it is quite inadequate to keep up with the highly dynamic
situation that exists today.
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A related need is to initiate economic analyses of the semi-dwarf varieties.
None presently are known to exist. Initially, it would be particularly useful to
have some farm-level analyses of a farm management and/or production
economics nature. Public policy aspects need to be considered in more detail.
With such data and analyses in hand, it would be possible to do a far more
enlightened job of calculating returns on investment in semi-dwarf research.

* * *

As long as there is interest in increasing wheat and rice yields in the United
States—and this is inevitable in the long runl®_there will be interest in
plant height and other improvements in plant type. Short varieties will increas-
ingly replace those of traditional height, just as semi-dwarfs will increasingly
replace short varieties. But eventually the point may be reached when further
shortening of height offers little more in terms of yield response. One of the
key determinants will be the role of other limiting factors—be they biological,
physical, or economic. The relative importance of these factors, and the degree
to which it is possible to overcome them through scientific advances, will
sharply influence the future role of the semi-dwarfs. Thus, future prospects
for semi-dwarfs depend in large part on changes in the varieties themselves as
we]l as on more general advances in agricultural science and tec]ﬂnology.
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B. Goals of Rice Breeding in the
Southern United States

Although this report has given primary emphasis to plant height, height is only
one of several goals in U.S. plant breeding programs. A broader picture of these
goals in the case of rice is provided in a recent statement concerning the coop-
erative Federal-State breeding program in the Southern States by Charles
N. Bollich, B. D. Webb, and J. E. Scott.l Excerpts from this paper are repro-
duced below. Bollich and Webb are with USDA; Scott is with the Texas AES.

Primary objectives of the rice breeding programs in the Southern United
States are to develop higher yielding, early and very early maturing varieties
that have acceptable or improved milling, cooking, and processing qualities for
the respective grain types, are resistant to lodging and major diseases, and
adapted to highly mechanized cultural practices. All Federal-State programs
emphasize improved plant type and in Texas the ratoon or second crop
yielding ability of promising advanced selections is routinely determined
because of the importance of the ratoon crop.

This report emphasizes the rice breeding work in Texas but objectives and
general procedures are essentially the same in Arkansas and Louisiana.

* * *
Grain Quality

In no other country in the world is rice quality given a higher priority in
breeding programs than in the United States, particularly the quality of long-
grain varieties. The United States produces only about 1.5 percent of the total
annual production of rice in the world, but it generally leads the world in the
volume of rice exported. With approximately two-thirds of the rice crop
exported, U.S. varieties must be of the type and quality desired in export
markets. Quality is even more important domestically, and is becoming more
refined as parboiling and other processing uses continue to increase.

* * *

To maintain the traditionally high quality standards of U.S. rice and to
develop varieties with even better qualities for particular end uses requires a
well-organized, closely coordinated quality testing program throughout the
period of development of new varieties. This need is filled by the Regional Rice
Quality Laboratory at Beaumont, Texas, which serves all public rice breeding
programs in the United States. The Laboratory was established over two
decades ago and pioneered in the adaptation of quality testing methods to

! “Rice Breeding in the Southern States,” in Marvin K. Harris (ed.), Biology and Breed-
ing for Resistance to Arthropods and Pathogens in Agricultural Plants, Texas Agricultural
Experiment Station, Miscellaneous Publication, in press.
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practical rice breeding programs to assist in the development of high quality
varieties. It has served and continues to serve as a model laboratory for
breeding programs in other rice producing countries.

The Quality Laboratory conducts a series of chemical and physical tests that
serve as indices of rice cooking and processing behavior.

* * *

As lines are advanced and sufficient quantities of seed become available,
milling determinations are conducted. The whole-grain milling yield determines
the monetary value of the rice and as such has a strong influence on the accep-
tance of a new variety in the United States. This is illustrated by the fact that
the leading long-grain and medium-grain varieties in the United States today,
Labelle and Nato, have the highest milling yields for their respective grain
types, although neither is the highest yielding variety grown. By world stan-
dards, all U.S. varieties mill well, but within the United States a difference of
two or three percentage points in whole-grain yield has a strong influence on
the acreage sown to a variety. Acceptable milling, cooking, and processing
qualities, and acceptable kernel size, shape, and translucency are all absolute
requirements for any new commercial variety of table rice in the United States.

* * *

Plant Type

Next to grain quality, improved plant type receives the most emphasis in
the breeding program in Texas. Just as the breeder must have a clear idea of
the grain quality, maturity, disease resistance, and other attributes he desires
to incorporate in a new variety, he also must have a general concept of the
plant type desired in order to plan an effective breeding strategy, since his
concept would have a strong influence on his choice of parents for crosses and
his selection criteria in segregating generations. Our concept of an improved
plant type in rice is one that is relatively short in height, with relatively small
leaf dimensions, an upright leaf habit, and a sturdy culm resistant to lodging.
This plant type is widely accepted as the “ideal” plant type in rice, usually
with high tillering ability included as a component for varieties grown under
transplanting culture. While high tillering ability is considered essential in
transplanted rices, it has not been shown to be so in direct seeded varieties,
and since direct seeding is the universal practice in the United States, we did
not include it in our initial concept. While semi-dwarf plants frequently possess
the combination of characters desired, our concept encompasses both semi-
dwarf and normal plant types.

* * *

Our research to date confirms the importance of plant type in achieving
very high grain yields at Beaumont but indicates that, in respect to some
characteristics, there is room for flexibility in our concept of an improved
plant type. In the period 1967-75, we conducted annually a yield trial that
included 24 varieties and selections of diverse plant type, and two nitrogen
rates, 90 and 180 kilograms per hectare.

148



* * *

The two highest mean yields were produced by Taichung Native 1, a semi-
dwarf variety, and PI 325893, a selection of normal plant type derived from
the cross of Tainan-iku No. 487 and Peta, made at IRRL [Both, however, have
unacceptable grain quality.] ... These two entries and Brazos have produced
the highest grain yields thus far obtained in field plots of the varietal improve-
ment program at Beaumont, about 9,000 kilograms per hectare. This level may
be considered the “yield plateau” at Beaumont, under present standard
cultural practices.

* * *

As data from these studies became available through the years, we tended to
modify our initial concept of a superior plant type (for our environment) and,
at the same time, gained increased confidence in our general concept of an
improved plant type. We can summarize our general impressions concerning
plant type as follows:

(1) Leaf size and habit are the most important attributes of an improved
plant type.

(2) Shorter plant stature is important, but there is a lower limit that is
partly dependent on cultural practices, that is, whether direct seeded or
transplanted, rain fed or flood irrigated, machine or hand-harvested, etc.

(3) Sturdy culms are essential for lodging resistance. Lodging resistance is
independent of plant type, i.e., normal or semi-dwarf. For example, IR-28, a
semi-dwarf, is more susceptible to lodging, under Beaumont conditions than
any of the presently grown U.S. varieties, even though some are relatively
tall, e.g., Nato. However, other things being equal, shorter plants are more
lodging resistant.

(4) The evidence from our studies suggest that somewhat higher tillering
ability (under direct seeding culture) than found in most current U.S.
varieties may be needed for further increases in yield.

(5) Both normal and semi-dwarf types can produce very high yields, pro-
vided they possess improved plant type characteristics.

(6) Although an improved plant type is required for very high yielding
ability, all lines possessing an improved plant type are not high yielding;
we have many that produce inferior yields.

* * *

We believe that it is desirable to develop varieties that encompass a range of
plant types, all within the general definition of an improved plant type,
because of different microenvironments or required cultural practices within a
geographical region. For example, a semi-dwarf variety might be adapted to an
area where the land surface is relatively level, requiring few contour levees for
irrigation; it might not be adapted to fields with numerous contour levees,
because combines would tend to miss panicles on the short-statured plants
when crossing over levees.
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Early Maturity

In the past three decades there has been a consistent tendency for newly
released southern U.S. rice varieties to be earlier maturing. Today only one
southern variety (Starbonnet) that is of midseason maturity is grown on
extensive acreage, all other widely grown varieties being either early or very
early maturing. Earlier maturity decreases irrigation costs and the period of
time during which the crop is exposed to weather hazards. Early maturity is
also necessary for dependable ratoon (second) crop production in Texas and
south Louisiana.

Early maturity is among the most readily attainable characteristics desired
in new southern U.S. rice varieties because of the relatively large number of
early maturing U.S. varieties with good cooking and milling quality that are
available for use as parents. The earliest variety presently grown in the United
States today is Labelle. It is questionable that varieties much earlier than
Labelle can be developed that will produce very high grain yields. With very
short season varieties, good management becomes increasingly important
because the plants have insufficient time to overcome stresses caused by poor
management, e.g., nutritional deficiencies, inadequate weed control, poor
water control, etc.

Ratooning Ability

With the release of the very early maturing variety, Belle Patna, in 1962,
ratoon (second) crop production became established in Texas and today
probably about 50 percent of the annual rice acreage is ratooned. One reason
for the popularity of Labelle, which was grown on 88 percent of the Texas rice
acreage in 1978, is its superior ratooning ability.

Annually we obtain ratoon yields for all very early and early maturing
selections in the Uniform Regional Rice Performance Nurseries at Beaumont.
In Texas, the ratooning ability of a selection has an important bearing on the
decision to release a new variety.

[ Conclusion]

We believe that the breeder must keep an open mind, seek new ideas, be
innovative, and constantly strive to develop new screening techniques for all
important characteristics to advance his material as efficiently and effectively
as possible. He should constantly use the best possible field plot technique,
within the limits of available time and resources, to minimize variation and gain
the most precision reasonably achievable. The “yield barriers” that appear to
be emerging in various regions present formidable challenges that will be difi-
cult to break and further progress in developing higher yielding varieties will
become increasingly dependent on intensive studies of constraints to higher
yields.
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